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Abstract A fluorescently labelled peptide nucleic acid (PNA) probe has been applied for the in situ 16 
detection of Helicobacter pylori in drinking water biofilms. The method was originally applied to 17 
real pipe samples removed from a drinking water distribution system (DWDS) but the curvature 18 
and the heavy fouling of the pipes prevented an accurate detection of the bacterium by 19 
epifluorescence microscopy. Therefore, two semi-circular flow cells were placed in a by-pass of the 20 
DWDS, and coupons with up to 72 days of exposure were regularly sampled and analysed for the 21 
presence of H. pylori. In the flat surfaces of the coupons, it was possible to sparsely detect cells 22 
exhibiting similar morphology to H. pylori that were emitting the PNA probe fluorescent signal. 23 
Coupons were also visualized under the microscope before the hybridization procedure to serve as 24 
negative controls and ensure the validity of the method. This work corroborates the findings 25 
already published elsewhere that this bacterium might be present in DWDS biofilms. The method 26 
requires however highly trained personnel for an accurate detection of the pathogen and will need 27 
simplification before being routinely used in standard water analysis laboratories.  28 
 29 
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Introduction 33 
Helicobacter pylori is a Gram-negative, microaerophilic, pleomorphic bacterium known to inhabit 34 
the human gastrointestinal tract. Although most people harbouring H. pylori are asymptomatic, the 35 
bacterium has been implicated in the development of certain diseases, such as gastric ulcers and 36 
stomach cancers (Blaser and Atherton 2004). There is still a lack of consensus on the way this 37 
bacterium is transmitted (Axon 2006), but biofilms in drinking water are suspected to create a safe 38 
haven for the subsistence of the bacterium and hence promote a waterborne route of infection 39 
(Azevedo et al. 2006, Bellack et al. 2006). 40 
Molecular methods, mainly based on PCR, were able to detect the presence of the bacterium in 41 
water and water-associated biofilms from wells, rivers and water distribution networks (e. g. Park et 42 
al. 2001, Bunn et al. 2002, Benson et al. 2004, Watson et al. 2004). Using these methods does not 43 
prove, however, that the bacterium still retains its viability and infectious capability. The only two 44 
studies describing the recovery of H. pylori from water systems used either an immunomagnetic 45 
separation coupled with standard culture techniques in wastewater samples (Lu et al. 2002), or a 46 
culture enrichment/PCR method in a local groundwater source (Flanigan and Rodgers 2003). The 47 
first study reports the detection in water unready for human consumption while in the second the 48 
authors failed to show evidence that they specifically recovered H. pylori. Furthermore, neither of 49 
the studies has been consistently reproduced so far. 50 
Coupling of fluorescence in situ hybridization (FISH) with viability dyes or direct viable counts has 51 
been already used to indicate the presence and physiological status of very diverse bacteria (e. g. 52 
Baudart et al. 2005, Savichtcheva et al. 2005). Trying to achieve that goal, we have successfully 53 
 2 
developed in situ detection using peptide nucleic acid (PNA) FISH for the spatial resolution of H. 1 
pylori in biofilms in lab-grown experiments (Azevedo et al. 2003b, a).  PNA’s  are a synthetic DNA 2 
analogue developed in the beginning of the 1990´s that proved to be capable of forming PNA/DNA 3 
and PNA/RNA hybrids of complementary nucleic acid sequences (Nielsen et al. 1991). PNA 4 
possesses a neutrally charged polyamide backbone that makes FISH procedures more efficient and 5 
easier to perform (Stender et al. 2002, Lehtola et al. 2005), and has been already used to detect 6 
other bacteria in water (Prescott and Fricker 1999, Lehtola et al. 2006). 7 
In the present work, a PNA probe that has been shown to specifically detect H. pylori in lab-grown 8 
biofilms, was tested both directly on pipes of a real drinking water distribution system (DWDS) and 9 
in coupons of two flow cells placed in a by-pass of the DWDS. 10 
 11 
Methods 12 
Description of the DWDS and direct analysis of real pipe samples 13 
The DWDS system supplies treated river and groundwater to a population of approx. 130 000 14 
habitants in the North region of Portugal. Whenever a leakage on the system occurred, a circular 15 
section with approx. 7 cm2 in diameter was drilled in the damaged pipe using a compact rotary 16 
hammer DW563 (DeWALT, Edinburgh, UK) (Figure 1). Materials of the pipes tested included high 17 
density polyethylene, polyvinyl chloride (PVC), cement and cast iron. Previous to use, the blade of 18 
the rotary hammer was disinfected with ethanol. The circular sections were then transported under 19 
refrigeration to the laboratory in sterile boxes filled with cotton soaked in a solution of 20% 20 
glycerol. After arrival, coupons were washed in 5 mL of sterile water to remove loosely attached 21 
microorganisms. The processing time of the coupons up to this step was kept at just under 2 hours. 22 
 23 
Installation and sampling of the flow cells 24 
As an alternative method to perform PNA FISH analyses, flow cells were installed in a small sub-25 
network of the above mentioned DWDS that supplied treated river water to a population of 1,500 26 
habitants. In this sub-network, water was collected from the river bedrock after filtration through 27 
sand, filtered again through activated carbon filters and then treated with chlorine before pH 28 
adjustment with a solution of calcium hydroxide. Water was then pumped to a storage reservoir. 29 
The flow cells were connected in parallel to the distribution system using a ½” PVC pipe at approx. 30 
6 km downstream of the reservoir. This location corresponded to the end of the network, where 31 
chlorine concentrations were expected to be lower. The biofilm forming devices consisted of a 32 
semicircular Perspex duct with ten spaces on its flat surface where coupons of different materials 33 
can be inserted. In this case, both cells were equipped with PVC coupons with 2.4×1.4 cm. When 34 
sampling occurred, the transport of the coupons was performed in the same conditions as for the 35 
coupons from the DWDS pipes.  36 
 37 
Detection of H. pylori in biofilms of DWDS using PNA FISH 38 
The PNA probe and the hybridization procedure have been already tested and described elsewhere 39 
(Azevedo et al. 2003a). In short, coupons with biofilm attached were immersed in 90% ethanol 40 
during 10 minutes for fixation. The coupons were then covered with the hybridization solution, 41 
which consisted of 10% (wt/vol) of dextran sulfate, 10 mM NaCl, 30% (vol/vol) formamide, 0.1% 42 
(wt/vol) sodium pyrophosphate, 0.2% (wt/vol) polyvinylpirrolidone, 0.2% (wt/vol) FICOLL, 5 mM 43 
disodium EDTA, 0.1% (vol/vol) Triton X-100, 50 mM of Tris HCl (pH 7,5) and 200 nM of the 44 
PNA probe (Oswell, Southampton, UK), for 90 minutes at 63 °C. The probe sequence was 5’-45 
(TAATCAGCACTCTAGCAA)-3’ and a fluorescent carboxyfluorescein molecule was connected in 46 
the 5’ terminal for microscopy detection. After hybridization, coupons were washed at 63 °C for 30 47 
min and visualized under epifluorescence microscopy. As a control experiment, each time the 48 
hybridization procedure was performed one coupon was submitted to the same process, but with no 49 
PNA probe added during the hybridization step. Coupons were then screened using a standard 50 
epifluorescence microscope (Carl Zeiss, Germany).  51 
 3 
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Figure 1 Different methods to obtain biofilms from a DWDS. On the left, a rotary hammer is used 2 
to drill two coupons out of pipes from a DWDS. On the right, two flow cells were installed in a by-3 
pass of a DWDS and coupons were sampled regularly. 4 
 5 
Scanning electron microscopy  6 
Because free-living amoebae, which are typical predators found in biofilm ecosystems, were 7 
already found to provide conditions favouring the survival of H. pylori, it was attempted to detect 8 
the presence of protozoa in biofilm coupons using scanning electron microscopy. As such, coupons 9 
with 192h of exposure were immersed for 15 minutes in solutions with increasing concentrations of 10 
ethanol up to 100% (v/v), and placed in a sealed desiccator. The coupons were mounted on 11 
aluminium stubs with carbon tape, sputter coated with gold and observed with a Leica Cambridge 12 
S-360 SEM (Leo, Cambridge, UK).  13 
 14 
 15 
Results and Discussion 16 
For the coupons removed from the pipe samples, and due to the technical problems encountered 17 
when adapting the PNA FISH method, it was readily concluded that we would be unable to 18 
assertively detect any H. pylori cells. One of the main problems was found to be the curvature of the 19 
pipes, as pipes with small diameters have large curvatures that will hamper the task of focusing in 20 
the right plane. Adding to the curvature, the material itself might be so irregular, that focusing is 21 
nearly impossible. This was for instance the case of cement. Deposits formed on the surface of other 22 
materials, such as cast iron, were also hampering factors for H. pylori detection. These problems 23 
might probably be overcome by using an episcopic differential interference contrast (EDIC), which 24 
uses objectives with long working distances (Keevil 2003). Deposits can also be scraped, filtered 25 
and observed on the filter membrane surface, although in this case the 3-D information on biofilm 26 
stucture is lost (Lehtola et al. 2006). 27 
It was also observed that autofluorescence was emitted by the biological material and the support 28 
material of most samples. The intensity of this effect was largely dependent on the type of sample 29 
analyzed. The autofluorescence of biofilm material could obviously be a drawback for the PNA 30 
FISH detection, because of an increase in the risk of H. pylori misidentification and the possibility 31 
of overlooking the fluorescent signal of the probe against a brighter background. Autofluorescence 32 
can occur due to the composition of the pipe material, autofluorescent microorganisms and 33 
chemical or biological deposits on the surface and has been also found in other studies (Azevedo et 34 
al. 2003b, Lehtola et al. 2006). Chemical/physical methods can be tried to minimize or even 35 
 4 
eliminate fluorescence (Baschong et al. 2001, Neumann and Gabel 2002), but an ideal solution 1 
would also involve the utilization of a confocal scanning laser microscope (Conchello and Lichtman 2 
2005) and filter block manufacturers to provide custom designed equipment. 3 
Due to all the problems described above a biofilm formation device, the flow cell reactor, was 4 
installed in a by-pass of the DWDS. Installing biofilm-forming devices as a by-pass or directly 5 
connected to a DWDS has been a commonly used strategy to allow a more efficient monitoring of 6 
biofilm formation in real systems (e. g. Hallam et al. 2001, Lehtola et al. 2004). In our case, the 7 
device had one flat wall, and the coupons inserted were of PVC to minimize problems associated 8 
with deposits and autofluorescence of the material. Nevertheless, autofluorescence from both 9 
microorganisms and stacks was still observed. Therefore, strategies to eliminate the risk of a 10 
misidentification were included. The first involved the observation of all filter sets available in the 11 
epifuorescence microscope: a cell was only considered to be H. pylori if it emitted fluorescence in 12 
the filters sensitive to the probe and if no signal was detected in the non-sensitive filters. Secondly, 13 
it was considered that an unequivocal detection would depend on finding individual cells directly 14 
attached to the surface exhibiting typical H. pylori morphology. These considerations implied that 15 
cells embedded in stacks or fronds, where individual cells are not easily distinguished, were not 16 
considered to be H. pylori even if the fluorescence emission in the different filter sets was similar to 17 
the one provided by the probe. Finally, a negative control was performed to confirm the results 18 
obtained. 19 
H. pylori has been sporadically detected directly adhered to the surface in nearly all of the coupons 20 
that have been used to perform the hybridization experiment (Figure 2). Notably, all morphological 21 
forms of the pathogen (spiral, rod and coccal) could be observed. In the control coupons, however, 22 
it was not possible to detect any H. pylori-positive sample demonstrating that the method provides 23 
sensitive and meaningful results. In all samples the number of H. pylori detected never exceeded 24 
500 cells per cm2, however, this is likely to be a conservative number as many possible cells might 25 
not have been considered due to autofluorescence.  26 
 27 
  
Figure 2 Episcopic fluorescence images of a mature biofilm formed in a PVC coupon that has been 28 
exposed to drinking water for 72 days. After hybridization of the coupon with the specific PNA 29 
probe, H. pylori cells could be identified: Inside the white circles, three spiral/rod like H. pylori 30 
cells are detected by the Live/Dead filter sensitive to the probe (a); In the same area, the Cy3 filter 31 
not sensitive to the probe is not able to pick those same cells (b).Outside the circle, autofluorescent 32 
biofilm structures and chemicals deposits can also be detected. Bars represent 10μm. 33 
 34 
The detection of H. pylori, a pathogen with a very low survival time in water (Azevedo et al. 2004), 35 
in a chlorine disinfected DWDS might be surprising at first sight, but a possible explanation is 36 
given in a study by Baker and Hegarty (2002). When analyzing the effect of oxidizing disinfectants 37 
a Bb 
 5 
on H. pylori, they concluded that the pathogen would be more resistant than Escherichia coli to 1 
chlorine. Furthermore, the existence of eukaryotic microorganisms in these systems such as 2 
Acanthamoeba castellanii, have been shown to promote the survival of the pathogen (Winiecka-3 
Krusnell et al. 2002). Even though several different types of eukaryotic microorganisms have been 4 
consistently found in samples after more than 25 days, only a small proportion exhibited a similar 5 
morphology to the microorganisms of interest. Eukaryotes detected appeared to be mostly diatoms 6 
(single celled photosynthesizing algae).  7 
Besides this work, only one other group was capable of detecting H. pylori in non-inoculated water 8 
samples using FISH technology (Moreno et al. 2003, Piqueres et al. 2006). Because sampling was 9 
performed in river and wastewater samples, one of the possible reasons this screening might have 10 
been successful was the lower amount of autofluorescence-emitting substances when compared to 11 
biofilm samples. This study, together with other studies using the PCR technique (Park et al. 2001, 12 
Krumbiegel et al. 2004, Rolle-Kampczyk et al. 2004, Watson et al. 2004), appear to indicate that 13 
the bacterium can indeed be commonly found in real water systems. As the preferred conditions for 14 
H. pylori attachment to abiotic surfaces have recently been described (Azevedo et al. 2006), the 15 
search of the bacterium in DWDS might now be performed under a more rational basis. 16 
 17 
Conclusions 18 
This work reports the in situ detection of H. pylori in biofilms formed in DWDS. The success of 19 
this detection is mainly due to two different factors: the installation of flow cells in a DWDS and 20 
the application of PNA probes instead of the standard DNA probes. Further improvement of the 21 
method is however needed before being routinely used in standard water analysis laboratories. 22 
Future work will involve coupling PNA FISH with viability dyes that will give an indication of the 23 
pathogen physiology in these systems. Nevertheless, spiral cells that are usually associated with the 24 
active form of the bacteria have been found, leading to renovated concerns about the possible 25 
transmission of H. pylori through the water.  26 
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